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SOCMABY

The thyroidal uptake of "GOi" and the effect of stable perchlorate ion and
functional state of the thyroid, such as after long-term administration of
propyithiouracil (PTU) or after hypophysectomy, on the uptake of S4C10r
were studied in rats and guinea-pigs. Based on the analysis of uptake curves,
radioactive inulin and sulphate spaces, and histological measurements of
compartmental sizes of the thyroid, the relative concentrations of MdOi" in
the various compartments were calculated and compared with those of 3IC1-.
The passage of **ClOf and "CJ- across both the basal and $he apical mem-
branes of the follicuiar cells in the different conditions were analysed.
The results suggest that "•ClOjf is concentrated in the lumen of the thyroid
by a. two-step process. It is actively transported across the basal cell mem-
brane from the interstitial fluid into follicuiar cells, and is further concentra- j
ted in passage across the apical membrane into the lumen. The evidence j
suggests that the latter process ia also an active one. j

EtTRODCCTiox
Perchlorate is a monovalent anion that completely inhibit* active uptake of

iodide by the thyroid gland. It is also concentrated by the thyroid (Wyngmar ten,
Wright & Ways, 1952; Anbar, Gattmann & Lewitus, 1959; Lewitus, Gattmana 4
Anbar, 1962; Chow, Chang & Yen, 1969). Thus iodide and perchlorate are prob: bbly
transported by the same carrier system. However, the kinetics of its uptake and the
effect of the stable anion and that of the functional state of the thyroid, such as iiat
after long-term administration of propyithiouracil (PTU) or after hypopuyseetc my,
on the uptake of perchlorate by the thyroid gland have not been investigated.

One of the unsolved problems of active anion transport in the thyroid cells is the
location of the carrier system in thyroid follicuiar membranes. Although ume
evidence (Andros & Wollman, 19&4, 1967; Tong, 1964) suggests that the outer or
basal thyroid cell membrane is the site of the active transport of iodide, it is not < lear
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whether the inner or apical membrane is also involved. Since perchlorate, unlike
iodide, is not organically bound by the thyroid gland and does not undergo meta-
bolic changes in the gland (Anbar el al. 19£9; S. Y. Chow 4 L. R. Chang, unpublished
observations), it provide* a useful substance for studying the mechanism" of active
anion transport by the thyroid gland. Based on a kinetic study of perchlorate uptake
by the thyroid gland and on a comparison of perchlorate distribution with that of
chloride in the stromal, luminal and cellular compartments of the thyroid under
different conditions, the passage of aniohs across both the basal and the apical
membrane* has been analysed. In addition, methods for calculating the concentra-
tion of anions in various compartments of the thyroid glands axe presented.

MATERIALS ASD METHODS

Male Spragae-Dawley rats and Hartley guinea-pigs were used. They were main-
tained on Purina laboratory chow and wiater ad libitum. Three experiment* were
performed as follows:

Experiment 1. Two hundred and tea raiJf(22S ± 4 g.)^ere used. AH animal* were
functionally n^nrectomizeoDby ligating jSTfsnaTfedicle of both kidneyT"
before they werVkiiW. They were divided into three groups. In each, group, SO rats
received radioactive perchlorate, A K3«ClOt!soJution (0-5 /tc/rat) containing a specified
amount of stable KC1O« wa* admini*tered|Lp, from, 2 to 240 mia. before Idling tfa»
animals. Solutions of K?*CIO« containing j different amount* of stable percHorate
were prepared by diluting the stock radpaetive solution and adding adequate
amount? of stable sale to make the final sdlution for injection. Twelve rat* received
either [«C3bttuHn (5/*c), **SOj-* {20 pc) or 8f(3- (0-5 pc) i.p. 2 bx. before being kiBed.
The other animal* were used for histological measurements and for obtaining the
self-absorption, correction of radxoisotopes in the thyroid and plasma; they received
no radioactive compound. Each animal wajs killed with ether anaesthesia according
to a pre-set schedule. Samples of thyroid giahd and blood wer« taken for radioactivity
studies, and for determination* of water and electrolyte content. Blood was with-
drawn from the end of the degcending'ag^a. lulu aajieparinized syringe.

2. Jvinety-four intaci^(3b4 ± 4 g.) ̂ nd ten hypophysectomized
.{ISS ±^g^rat« were used. Half the inta^talUIlCfi, u«re treated with FTTJ for 2week*.

_ ed as th* drinking wat€T (0-1 %), and dextrose was added to m*ke
the water sweet. Eypophyseetomy was performed 4 weeks before the experiment.
All animals were functionally nephrectomizpd as described above 24 hr. before being
killed. K*CIO4 (0-5/iC/rat) wa* administeied i.p, to 72 intact |36 controTUnd 38
FTU-treated) and tea hypophysectomked -ats from 3 min. to 24 hr. beforelaBing.
The other animals {half control and half 1 TU-treated) received either [14C5nalin,
MSOi"2, or **€!" or no radioactive compounis, as described for expt 1. The animals
were killed with ether anaesthesia accord: ng to the schedule. Thyroid gland and
blood samples were taken. _ ̂ -———-^.

Ezperim&u 3. Eighty-two guinea-pig* {S )4± 11 g.) were used. Half weM treated
with PTTJ (0-1% in drinking water) loY- F^5gg§r~5li-^nimajs_were fnnctioa5i;̂
nephrectomized a* was done in rate 24 hr. before being killed. The experimental
design with, ratpect to **atnmu**rt*ein of c dioisotope* and the time schedul* wa*
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as that for expt 3, except the animals were killed in sodium pentobarbitone

'anaesthesia.
All thyroid and blood samples were prepared, counted, and analysed by procedures

described previously (Chow <fc Woodbury, 1965).
In each experiment, 2-4 animals were prepared in exactly the same manner as

were the groups for radioactivity studies. Thyroid glands were isolated, fixed in
Bouin's solution, embedded in parafBn, sectioned at 5-6 ji and stained with hjaema-
toxylin and eosin. Thickness of follicular cells and diameter of follicles of the stained
thyroid sections were measured by use of a. light microscope (x 440) with the aid of
an eye piece micrometer. Forty follicles from different areas of 6-8 sections' were
measured in each animal. The means of the cell and follicular measurements from
each group were taken, and percentages of the volume of the follicular lumejj and
cells were then calculated on the assumption that follicles are spheres. Xo correction
was made for mid-portion section (Chow & Woodbury, 1965). Subsequent calcula-
tions are described in the Appendix. •

The source and specifications of .the .radioactive compounds used were as follows:
j3«Cripotassium perchlorate (sp. actfTa33 ̂ c/m-moley\nd {9*Cl]yaClj8p. act. ;r 690
/iC/ra-mole) were obtained from th¥ Radiocnemicat Centre, Amersham, England,
["CTJcarboxyl inulin (sp. act.: 100/tC/28-3 mg.) from New England Nuclear Corp.,
U.S.A. and [̂ SJHjjSO* in HC1 (carrier free) from Tracerlab, U.S.A. i

RESULTS '

: of rttdioocti-ce. percUeroU by t&e thyroid glands of rota \
injected vitk stable perchlaraU \

Figure 1A shows the thyroid uptake carves of a*ClOj: in rat* that received stable
perchlorate in doses of 0-005, 0-1, or 2-0 m-mole KClOj/kg. The ratios of *«C tOj
in thyroid gland and interstitial fluids were calculated according to the foflo-v ing
formula, and were plotted semflogarithmically as a function of time from Z to 2401 lin,
after injection of °*C1O .̂

Thyroid gland Thyroid activity (counts/mia./g.) x plasma HtO (g./ml.) x 0- J5
Interstitial fluid = Plasma activity (counts/min./ml.)

In Fig. 1 A, the $hape of thyroid *C30r uptake curves in rats that received
0*1, or 2-0 m-mole KC10«/kg. is similar. A plateau was reached in aH curves at a!
4 hr. after the injection of "ClOi". However, the maximal uptake of ̂ ClO^ by
rat thyroid was inversely proportional to the amount of perchlorate received
the animal; the lower the doae of stable perchlorate, the higher was the **C1
uptake.

All three curves could be resolved graphically into two components (Fig. IB
and D). The half-time and zero-time intercept for each component of the individ
uptake curves are shown on the corresponding curves. The thyroid :interst#
fluid ratios of ["Cpnulin, 'SSOJT* and 3«CI- for each group of animals are also preseni
in the same figure.

Changes of ^ClOi" concentration in plasma and thyroid gland with time in
three groups of rats that received the. different dosea of stable perchlorate are shi
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in Fig. 2. Both
8-1S min. after
concentrations
cantly different, while the thyroid concentration of ''ClOj' varied markedly.
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plaama and thyroid levels of "GOj" reached majrimum at about

ection of a*C!Or and tfaiis was maintained for 240 min. The plasma
j" in all three groups at the same time-period were not signifi-
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Kg. t. Thyroid upuka curves of **C3O| of zmts t] *t r««iv*<d <HM3,0-! or 2-0 m.iaok SCIOt/kf.
la A. tb« thru uptaia curve* *n dritrn OB t^ejom* grspfe. Each "ClOj" opt*kc eotve in A U
graphically rwkjl vcd a* iMsestcd ia B, C and D! (a*« Uxt for «p!»n»ti<w). ['KlJInulin, »SO« *.
«ad *K31- tpacci of tb» thyroid glaod ia each oajpOTMnt «ro aj»o ihown in tbc corr«*poodina
jpra^hs. In aH frtpht la tka figure. ordi&Atcs are thyroid:mt*ntitial fluid ratkw of "CIO':
abaci***, that ia minutes. In this and *ubcequ4tt figur**. each point r»pr*»tn« th» ax*a of
4_a «nim«l»; the vertical bracketed Una indicate ±S-E-

Uptake of radioactive perehlorate by
in different j tnciional

The uptake of 38Cl6^ by tiie thyroid glai d of
sectomized rats and of coatroi and PTU< treated
The.thyroidrinterstitial fluid "CSOj" ratio
seraHogarithmically as a function of time
«CiOr.P*CpaaKo, ̂ Of8 and «K3~ space i
guinea-pig thyroids are also ahown in the

Figure 3 show* that the uptake of *C10,
than that of the rat thyroid. In. boih, the
had higher a«CiO» ^C«ia» Tafanw tiua the

amd guinea-pig thyroid glcmds
states

., PTU-treated, and hypophy-
guinea-pigs is ahotrn in Fig. 3.

in each group of animal* are plotted
from 3 min. to 24 hr. after injection of

of control and PTtJ-treated rat and
figure.
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Si one

MQLl 88-W-K9C



Percklorale distribution in thyroid 211.
thyroid: interstitial fluid ratio of ̂ lOr in hypophysectomized rats was much smaller
than that of the other groups of animals and was the same as the thyroid
space.

f. Q ———————.——————————o—————————//——————

Thyroid 0-OOS m-mote KCIO./fcg.
•—• PTaima 0-OOS m-mcle ICCIO ;̂. x

Kg^jEir-
i4 Plasma 0-1 nvmole KQO^

n>yrbi<a i-u m-moi« I
Pbsm Z4 OMBai* KOO./ks:

60 120 2*3
Minutes

.5i

t lAtFig. 2. Cluing*, of "C1OJ" concentration in pUcma tad thyroid gjond with time in nta
received 0-005. 0-1 or 2'Oro-molc EdO^kg. Ordinate: percentage <rf injected do*, of
per nal. plfcnna or par g. of thyroid tU*a». Abttm*: time in minutes.

In control and PTU-treated rats, the plateau in both curves was reached at about
4hx. after the injection of *CK>i% while in guinea-pigs this took about 8If. AH
••CIO;" uptake curves in Fig. 3, except that of hypophysectomized rats, could be
resolved graphically into two components. Because of limited space they ai-e not
shown in the figure. However, the half-time and the zero-time intercept foi' each
component of the individual uptake curves are listed in Table 1. In hypophysecto-
mized r»ts, the thyroid uptake curve of 3SCIO^ could not be resolved grapi jcally
because insufficient data were obtained at the early time-periods.

DISCUSSION

The uptake curves presented in Figs. I and 3 show that ^ClO^ was concem rated
by the thyroid gland of normal rats and PTU-treated rats that received
doses of stable perchlorate but not by the thyroid gland of normal rats that re< eived
2 m-mole KCIO</kg. and hypophysectomized rats that received 0-05 m-mple B C1O«/
kg. The thyroid .-interstitial fluid **ClOj- ratio in all groups of animals w« con-
siderably larger than the same ratio for "SOj"* and p«C]muIin, substances that,
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! x' 'respectively, measure the stromal plus ;lominal volume and %tromal volume of th«-

thyroid gland (Chow, Jee, Taylor & "tfoodbury, 1965; Chow & Woodbiffy, 1965).
Except in normal rata that received; 2 m-znole KdO4/kg, and in hypophysec-
toiaized rats that received 0-05 m-mote KC104/kg:., the "ClQj- ratio was also larger
than th« 3*C1" ratio. Unlike the actively transported monovalent perchlorate anion.

. chronje >TU
a «SCV«. cemnil
ir r*C3i*iarm, Annie. PTU

0-S1

Fig. S. Tbyroid uptake curves of *C3O7in control, propylthiour»eJ3 (PTXJ)-trwUed «ndhypo-
p^MctemtziMi r*u, aod of control «ad FTU-OMUd gaine«-pig«, f"C]Inuliir, MSOr*. *nd "Cl"
ip«cci of the' rst «ad guin»»-pig thyroid giBc ,̂ ezecpz those of kypophysectosnizni r&U. Are

figure. 1
ip«cci of the' rst «ad
»i*6 shoirn ia

I
Table 1. The half-time and the zero-time intercept of the two components of the

f uptake oircea of rot and guinea-pig thyroid glands

F«*t component:
Zero-time intercept

Sow eompoocat:
Zero-time intercept

Control

(Z)
(?'

Guinea-pig
Cfcronic

3-3

0-9
5ft

Control

1-2
3

24-8
ISO

2-0

ford»tag« <3<fpniHyitI^oora«g (PTC) n Mr an i ir,

39
240

.SS:£l MQU 68-frOH
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Fig. 4- Comparison of tb* distribution of *QOf and *d~ in th* different «n*tomie«J comput-
menu of Ui* thyroid giaiut .<rf rat* tfaac received O-005, 0*1, or 2-0 m-raoU KCIOt/kg. See wxr
•nd Appendix for «cpl*n*tion i*"̂  «.«—t.«——
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chloride distributes passively across thyroid follieular cells in equilibrium with the
transmembrane potential (Woodbury & Woodbury, 1963: Chow & Woodbury,.1965).
The thyroid:interstitial fluid '•ClOf ratio of rats that received 2 m-mole/kg. stable
perchlorat* was almost equal to the a*CI~ space. This observation, combined with the
results in hypophysectomized rats and with radioautographic evidence that 3*ClOj'
is distributed like stCi~ in the presence o£ 5 zn-mole/kg. of stable pcrchlorate (S. Y.
Chow & D. iL Woodbury, unpublished results), suggests that, when the active
transport process is blocked, pel-chlorate is distributed passively like chloride across
.thyroid follicolar membranes. This is also true for the monovalent iodide anion
which distributes passively like chloride when its active transport is blocked (S. Y.
Chow 4k D. M. Woodbury, unpublished observations).

Table 2. Relative concentratumi of **<?#?$• and **d~ in various comipartmenla
of rot and gui<ipa*fig glands

Ratios at raiaiiv* concentration*
Dose of

OHiStrom*

I

LuzaeuStrom*

0-9S
1-0
1-0
1-0 '
l-O
1-0
0-7S
0-38
0-55

14?
49
t't
1-4
1-0

11
IS
«

140

24-0
*i-«
14-5
,s-a
8-3
S-3
2-5

8-8
7-7
3-3
9-1
S-3
S-4
2-2
3-8
4-2

i

' Se* Materials and MWthod* for d«t*3J of treatment with propjithionraeil.

The overall thyroid .-interstitial fluid ratio J br^dOj" does not pro vide much informa-
tion about the location of the sites of active 1 ransport or the relative concentrations of
3*CIC7 in the three anatomical eompartmi nts of the thyroid gland. However, a
compartment*! analysis of the uptake <mrv< s indifferent conditions, as in Fig. 1 and
Table 1, together with the measurements o: the fCJuralin and ̂ SOi"* space and the
histological measurements of compartments [ sizes of the thyroid gland allows some
deductions as to-the site(s) of the active a lion transport and the concentrations of
this anion in the anatomical compartment*. In all cases, the uptake curve of S8C1O'J
by the thyroid gland could be resolved into two components. Since the penetration
of anions Into the stromal compartment of i he thyroid is rapid and this space occu-
pies only about 20% of the thyroid weight (p^Cjinulin space), the first or fast com-
ponent probably represents the rapid penetration of a*QOj1 mto both the interstitial
and the ceSolar compartments. The cellulai
from the zero-time intercept of the fast component which represents the amount of

>i" in the combined stromal and cellular comp&ttmenti. If the amount in the
ScEO^QStJ ^^yrQRju^^TThM^fe WQ SliotlftCfcCli
asd. *fc*> mjmfllp^*^- diridafi by **r*» %»f^ to rrrr** of tinroid ^IfTnl^r T**T*

coacentrations can then be calculated

apac»)
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from histologieal measurements, the concentration o£3*ClOi in thyroid cellular! fluid
is obtained, as shown in Fig. 4.

The second or slow component of the uptake curves probably represents the rapid
passage of ̂ ClOj' across the apical membrane from the foHicular cells to the lumen
and also the slow equilibration of ̂ ClOr in the lamina! fluid. This value divided by
the histologically determined luminal fluid volume gives the concentration of
'•CIO;' in the th\Toid luminal fluid. The relative "ClO^ concentrations in various
thyroid compartment* (interstitial fluid 3*ClOi' concentration taken as 1-0) derived
from these calculations are shown in Fig. 4 for rats that received various dosps of
stable perchlorate. The distribution of asCl~ in the three different thyroid compart-
ments is also shown ia Fig, 4 for the same groups of animals. The ratios of relative
concentration of both **CIO^ and **Q- among the three thyroidai compartments in
these experiments and some of our other observations are summarized in Table 2.
The complete calculations for the relative concentrations of anions is the different
compartments are shown in the Appendix. :

In rats that received the smallest dose of stable perchlorate (0-005 m-zaole/kg.),
the concentration of "ClOj" in the himen was 24 times higher than that in the cells
and 147 times higher than in the interstitial fluid (see Table 2 and Fig. 4). These
values are in contrast to the thyroid .-interstitial fluid ratio for the whole gland of
11-9 (Fig. 1A). Thus, ̂ lO^ is concentrated in the lamen of the thyroid by a two-
step process. Firstly, "dOf is actively transported across the basal ceQ membrane
from the stromal fluid into the cellular fluid (eelhstroma ratio for a*C10f was fe-15
as compared with 0-15 for "Q'}. This, procesa moves the.negativeJy chargeda*C,IOr
against its electrical gradient of approximately 50 mr (Woodbury 4 Woodbury,
1963) since the cell is negatively charged as compared with the stroma. In the cellu-
lar fluid, **ClO;r then passes across the apical oeH membrane into the lumen and it is
farther concentrated during this process. Since the inside of the follicular ceils is
negative to the lumen, the potential difference across the apical membrane, ia con-
tract to that of the basal membrane, drrre* the '•CTOj" into the positively charged
luminal fluid. However, since the ratio between the cellular and luminal "CJOr
concentration was 24 as compared with 6-7 for **C1-, it is likely that there is also an
active, process taking place across the apical cell membrane of the thyroid gland. The
transmembrane potentials across each membrane, calculated from the results with
»*C1- on the basis that it is passively distributed across the thyroid cells, are approxi-
mately equal to the values determined by direct measurement with glass ulfcramicro-
electrodes (Woodbury & Woodbury, 1963), and this result confirms the passive
nature of Cl~ distribution across thyroid cells.

Since perchlorate is a, potent inhibitor of the thyroidai transport system, it is lot
surprising that, when the dose of stable perchlorate is increased, the relative *CIO^
concentrations between the various thyroidai compartments are decreased ;nd
approach those of *C1~ (Table 2). As would be expected, the membrane on the b« sal
aide of the foHicular c«U is more sensitive to the blqcking effect of perchlorate tl an
is the membrane on the apical side.

Treatment with PTU caused an overall increase in the uptake of *ClOr by :he
thyroid gland of rats and guinea-pigs. The increased uptake is probably » tea alt
partly of the enhanced effect of the released thyroid-stimulating hormone (TSH) (c ue

A 2 : £ l NOW 66-frO-NVf
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to impaired synthesis of thyroid hormones) on the transport mechanism
thyroid cell membranes. This is indicated by the increase in the zero-time intercept
values of the two components of the ^Clu^ uptake curves in PTXJ-treated animals.
However, there was a difference between the rat and the guinea-pig after FTtJ
treatment. In rats, the increase in zero-ftime intercept values occurred only in the
fast component, in guinea-pig the values of both components were increased. This
variation may be due to the different changes in colloid content of the follicnlar
lumen after PTU treatment in these species. Baaed on the 3<C1- results, the tran*.
membrane potentials across thyroid follicular cells decreased (from 54 to 30 znv in
rat and from 63 to 53 mv in guinea-pig experiment) after PTU treatment. The calcu-
lated decrease induced by PTU is in agreement with th« observations by Woodbary
& Woodbury {1983} that this drug and T§H markedly decrease the transinembrane
potential as measured directly by glass uitramicroelectrodes.

The mechanism of the effect of TSH to increase ClOf and I~ uptake by the thyroid
gland is not clear at present, but a hypothesis that has some experimental support
can be presented here. It has been shown that TSH increases the permeability of the
thyroid cell membranes to Na* (Solomon, 1961) and to Ci~ and SQi"* (Chow 4
Woodbury, 19S5), and lowers the transmembrane potential (Woodbury * Woodbury,
19&3). The present results show that the;overall uptakes of 3-C3Of by the thyroid
gland- are increased by endogenous T»H ai a result of chronic treatment with PTET
of rats and guinea-pigs. If the half-times of the various components of the uptake
corves are converted to K values (K =r j0-693/*£}, then the relative permeability
constant (P) of the various components can be obtained by taking into account the
volumes (V) m which the '•QOi' in each (component are distributed (PxKV}. lie
results shaw that PTU treatment iacreajae* the P value of the faat component,
•which represent* postage of *C3Or across the basal cell membrane of the thyroid
gland, in both rata and guinea-pigs, bat increases the P values of the slow component,
friuch represents passage across the apical cell membrane, in guinea-pigs only.
The data also show that the basal cell membrane has * higher permeability to "ClOr
than does the apical ceQ membrane. Thej increase in permeability to 3*ClOf and
the decrease in traasxaexnbrane potential, !ai calculated from 3*C2~ distribution data
after PTU treatment, would result in. an idditional amount of this onion entering
the cells passively; this superimposed on t M amount present as a result of active
transport across the basal follicular mem' >rane would increase markedly the con-
centration of '•aOj' in the cells. Evidence that most of the increase in cell *dOr
after PTU treatment (or induced by TSH} s due to the increased permeability and
depolarization is derived from a conjpariso 3 of the distribution of **C1~ and ^GIO^.
In PTU-treated am'mala, the increase in eel ular *«C1~ over control values is 1-95-fo/d
ia rata and l*3-fold in guinea-pigs; the c< mparable increase in cellular 3*ClOf is-
2-85-foId inrats and 1-25-fold in gixinea-pigs. Tae increases for both 3*C1 »ad **C3O4"
are very similar, especially in guinea-pigs. ' L^IUS, treatment with TSH or PTU does
not have much effect on the active componc nt of the "KTlOj" transport process in the
basal follicolar membrane, and increases < nly that portion of the 3*C1O^ that is
passively distributed, by ioccnaing pecmea iuiity acd depolarizing the membrane.

T&e affisee of TJSSTaod £TU oa tr«s»pcrt at the apiod feOfcnlar membrane is
oltc nbtatrr^ in rate and gnin«»-pigs.
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As described before, the increased ^ClOj" and "CI- concentration in cells 'would
enhance the transport rate and thereby increase the concentration of these amlons in
the lumen. However, after PTU treatment, the ratios of lumen: celt for both :|8QOi"
and ̂ Cl' are decreased in rats and increased in guinea-pigs. This discrepancy in the
two species is probably due to the difference in the colloid content in the fofficular
lumen and in their response to PTU. Rats have a much smaller luminal water vbinme
than guinea-pigs. After PTU administration for 2 weeks, the volume of luminal
water increased in the rat and decreased in the guinea-pig. This problem of the thy-
roid luminal water volume and electrolyte distribution is currently under inreptiga-
tion.j

This study was supported in part by grant No. 5-P01-NB-04553 from the National
Institutes of Health, United States Public Health Service. •
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The values for the concentration of '•ClO^ in each compartment of the thj raid
gland (Fig. 4) are calculated from the zero-time intercept Tallies of the two
ponents of the uptake curves shown in Fig. 1 B, C, and D. The values for rats
received 0-005 m-mole KClO^/kg. were calculated as follows:

Zero-time intercept of the fast component
Zero-time intercept of the slow component

3-1
8-8

Total 11-9
Total thyroid water - 0-74
["CJinulin space (stromal volume) 0-21
Follicular water = total thyroid water — ["Cjinulin space = 0-53
Histplogically determined follicular cell volume 63%
Histologically determined lumizul volume 37 %
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Assume the follicular cell water conteat is the same as that of other tissue cells in

the bod}% i.e. 75 %. Follicolar cell water volume = follicular cell water content
x histologicallr determined follicular cell volume = 0-47. Luminal water* volume
= follicular water—cell water = 0«06. {Compared with the volume from the dif-
ference between ^SQf* and p4C]inulin spaces, 0-284-0-210 » 0-054.) Assume
stromal "CIO; concentration P«C1O7], » i-o: Amount of a*C!Or in interstitial fluid
= ["Cjinulin space x (*ClOri » 0-21.

If the fast component of aK3Of nptajke carve «• stromal *ClQf •*• follicular cell
S8ClOr> amount- of "ClOi" in foUicular cdls ^ zero-time intercept value of the fast-
component-amount of "ClOf in interaititial fluid = 3-10-0-21 = 2-89. Fofficulaj-v
cell "ClOf concentration pK3O« 1. =• amount of 3«ClOf in follicular cells/cellular
water volume = 2-89/0-47 = 8-15. If the slow component of''ClOr uptake curve
= luminal s*C!Oj", amount ofCIOi" in the lumen « zero-time intercept value of
the slow component *• 8-8. Lamina! **Q1O^ concentration fdOj"! ** amount of
**CiOi" in Inmen/luminal water volume » 8-8/0-06 = 147.

The calculations for the a*CJOi% distribhziaon in thyroid gland of other groups™ of
animals were done in the same way. : • . ~

The 38C1~ distribution in different compartments of the thyroid gland of rats that
received 0-005 m-mole HC10Jkg. were calculated as follows: p*CJInTilin spae*,
0*210; ̂ Oj2 space, 0-2S4; *d~ space, 0-334. Aaa«m^ stxoffiaL**Cl~ concentratioa
PC3-], — l-O, Amount of "Gt- in interstitial fiuid <* £*&}, * p«C^nuun space
= 0-21. ;

The ratio forth*concentrations of "Cl'in lumen to that in stroma (p) can be csJcn-
lated by the following formula from the data of radioactive sulphate and inolin
spaces and the histclogical measurements of the thyroid volumes (unpublished
observations). j

!)Lur linal water volume
0-264-Q-31\

0-06 / 095.

Concentration of *C3- in lunjen P*Q-1 = 0-95 x 1-0 =• 0-95.
Amoxtntof3*a-in lumen — P*(3*i x lun iinal water volume = 0-95x0-06 — 0-057.
Amount of **Q~ ia follicular cells = tot tl asCl" space—amounts of 3*C1~ in inter-

stitial Said and in lumen = 0-334-0-21-0-057 *. 0-067.
Concentrations of 38C1̂  in follicular cells P*C1-],. — amount of *C1~ in celJs/ceSular

water volume = 0-067/0-47 a* 0-14.
The transmembrane potentials across ihe basal membrane (S^} and across the

apical membrane (Stt) based OB the passt re distribution of chloride and using the
Nernst equation *re as follows:

-60 -•601og——= -olinv.

f 60log0'95 - -
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